The major advantages of nuclear emulsion for detecting
in emulsion than more massiveMIPs. Heavy ion beam tracks copiously produce long-rangedelta rays, and someof these escapethe emulsionplate in which they were produced,giving rise to a fairly uniform distribution of delta rays on top of the local distribution surrounding eachbeam track.
Among the instrumental backgroundsare "chemical fog," consisting of developed grains which are not associatedwith any ionizing track, but are an artifact of the developmentprocess.Emulsionsurfacedefectsmay alsobe prominent enough to causeproblems,especiallyif the emulsionis thin.
The last kind of background,shadowing, is not strictly a background at all; rather, it is an instrumental effect. In ordinary transmitted light microscopes,the light passesthrough the entire two-sidedemulsionplate beforereachingthe eyeor CCD. Thus, the objects near the plane of focusare not uniformly illuminated, but are shadowedby out-of-focusobjects below (and above) them. The magnitude of the darkening of the field due to shadowingis of the sameorder of magnitude as the darknessof the grains themselves.
The natures of the signal and backgrounds give us some clues about how a successful track recognition algorithm should work. Becausethe individual grains in a track are not alwaysresolved,and also becausemany or most grains are not part of secondarytracks, it is reasonableto try to detect the entire track rather than the grains of which it is composed.We could thereforeoperationally define a track to be a straight path through the emulsionwhich hassomeminimum average darkness.This criterion excludeschemical fog, sincesingle grains contribute only a small amount of darknessto any path through the emulsion. For similar reasons, it alsodiscriminatesagainst delta rays. However,becauseof their scattering, delta rays developmore grains than other MIPs, and sometimesmimic real secondaries, especially if they are energeticenough to follow more or lessstraight paths for 20-30 #m. We therefore need a secondcriterion -that the dark path be small and compact in the transversedirection in order to ensurethat the particle that produced the path did not scatter. We accomplishthis by demanding that the path be darker than similar paths in its local neighborhood [11] . This criterion alsosolvesthe shadowingproblem, sincewe measurethe darknessof tracks not in terms of the intensity of light incident on the plate, but relative to the brightness in their immediate neighborhood.
Finally, we require that all selectedtracks point back to a common vertex.
It is important to realize that the vertex point one seesin the emulsion does Once this information is incorporated, the original event geometry is reconstructed
[ Fig.9(d) ].
The pattern matching algorithm aligns a pair of emulsions by shiftingthe upstream emulsion measurements with respect to the downstream points by an offset (Ax,Ay) and by scaling the upstream measurements by a factor m in order to maximize the overlap between the two emulsions.
To characterize the quality of the overlap, the figure of merit S that is maximized is
where detected to be estimated for every event, plate-by-plate. After the event is reconstructed, each track is examinedfor "missing" measurements, i.e., emulsions in which the track could havebeen detected (becauseit was well-separatedfrom other tracks) but was not seen. A record of missesis kept for every event and every plate. Similarly, the "singles" background is estimated from the number of measurementswhich are not usedin reconstructedtracks, and thus are presumed to be background. Fig. 10 showsthese diagnosticsfor a sample event. Both the miss rate and the singlesrate are roughly independentof the track density. The instrumental resolution of closepairs ( Fig. 11 ) is 1.0 #m, causingvery closepairs of tracks to be undercounted. We estimate this bias to be 3% of the track count for these high multiplicity Pb-Pb events. Combining the biasescalculated from the measuredefficiencies,singlesrates, and pair resolution (c.f. Appendix), the overall track counting errors are estimated to be 3% of the track count, in good agreementwith the comparisonto the semi-automaticmeasurements.
Having establishedthat the reconstruction procedureproduces "clean" track lists at the level of + 3%, we can examine the accuracyof the angular measurements. Fig. 12 showsthe standard deviation of individual measurementsabout their fitted tracks. The meanstandard deviation is 0.14 #m in both the x and y-directions, and the transversemeasurementuncertainty is therefore 0.20 #m. 
A.2 Reconstruction

